The effect of physiological cyclic stretch on the cell morphology, cell orientation and protein expression of endothelial cells.
In vivo, endothelial cells are constantly exposed to pulsatile shear and tensile stresses. The main aim of this study was to design and build a physiological simulator, which reproduced homogenous strain profiles of the tensile strain experienced in vivo, and to investigate the effect of this cyclic tensile strain on the cell morphology, cell orientation and protein expression of endothelial cells. The biological response of human umbilical vein endothelial cells to a uniaxial cyclic stretch, in this newly developed simulator, was examined experimentally using immunohistostaining and confocal imaging and it was found that the cells elongated and oriented at 58.9 degrees +/- 4.5 degrees . This value was compared to a mathematical model where it was revealed that endothelial cells would orient at an angle of 60 degrees . This model also revealed that endothelial cells have an axial strain threshold value of 1.8% when exposed to a 10% cyclic strain at 1 Hz for 3 h. Cells cultured under conditions of cyclic strain showed increased ICAM-1 immunostaining when compared to static cells whereas, a marked decrease in the levels of VCAM-1 receptor staining was also observed. Haemodynamic stresses can modulate the endothelial cell adhesion response in vivo thus, taken together; this data validates the bioreactor as replicating the physiological environment.